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(57)Abstract: 



PURPOSE: To obtain a highly reliable gate insulation film of silicon oxide by 
positive column system plasma CVD using hydrocarbon containing organic 
silane having ethoxy group, oxygen, and chlorine as a material. 
CONSTITUTION: A silicon oxide 202 is deposited on a substrate 201 and an 
insular silicon region 203 is formed theron. Another silicon oxide 204 is 
deposited, as a gate dielectric film, over the insular region 203 by positive column 
plasma CDV using hydrocarbon, i.e., trichloroethylene, containing an organic 
silane, i.e., tetraethoxy silane, oxygen and chlorine as amaterial. Subsequently, a 
gate electrode 205, impurity regions 206, 207, and a channel region 208 are 
formed. Furthermore, contact holes 210, 21 1 and electrodes 212, 213 are formed 
to complete a TFT. This method allows formation of highly reliable gate insulation 
film, i.e., silicon oxide 204. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The insulating coat which uses as a principal component the oxidation 

silicon characterized by that cover the island-shape non-single crystal 

semiconductor region which uses silicon as a principal component, it is stuck and 

prepared on this field, and a halogen with a concentration of 1x1017 to 

5x1 020cm is detected by the secondary ion mass spectrometry, and detecting 

the carbon of three or less [ 5x1 01 9cm - ] concentration. 

[Claim 2] It is the insulating coat which uses as a principal component the 

oxidation silicon characterized by said halogen being fluorine or chlorine in claim 

1. 

[Claim 3] The production approach of the semiconductor device characterized by 
to have the 2nd process which forms the film which is made to produce the 
plasma and uses oxidation silicon as a principal component on said non-single 
crystal semiconductor region in the mixed ambient atmosphere containing the 
hydrocarbon containing the 1st process which forms the island-shape non-single 
crystal semiconductor region which uses silicon as a principal component, the 
organic silane and the oxygen which have an ethoxy radical on said non-single 



crystal semiconductor region, a hydrogen chloride, or chlorine. 
[Claim 4] In claim 3, with the organic silane which has an ethoxy radical The 
chemical formulas [ Si / Si (OC two H5) and / 20(OC two H5) 6 ] 4 Si3 02 8 (OC 
two H5), Si4 03 10 (OC two H5), the production approach of the semiconductor 
device characterized by being either of the matter expressed by Si5 04 12 (OC 
two H5). 

[Claim 5] The hydrocarbon which contains chlorine in claim 3 is chemical formula 
C2 HCI3, C2 H3 CI, and CH2 CI2. The production approach of the semiconductor 
device characterized by being either of the matter which is expressed. 
[Claim 6] The production approach of the semiconductor device characterized by 
having the 4th process which processes the film which uses this oxidation silicon 
as a principal component after the 2nd process in claim 3 in the ambient 
atmosphere which does not have 200-650-degree C oxygen. 
[Claim 7] It is the production approach of the semiconductor device characterized 
by the temperature of the 4th process being 450-600 degrees C in claim 6. 
[Claim 8] It is the production approach of the semiconductor device characterized 
by making the 2nd process by the positive column plasma-CVD method in claim 
3. 

[Claim 9] The 1st process which forms the island-shape non-single crystal 
semiconductor region which uses silicon as a principal component, In the mixed 
ambient atmosphere containing the 2nd process exposed into the plasma 
ambient atmosphere containing the hydrocarbon which includes this island- 
shape semiconductor region for oxygen, and a hydrogen chloride or chlorine, and 
the organic silane which has an ethoxy radical on said non-single crystal 
semiconductor region and oxygen The production approach of the semiconductor 
device characterized by having the 3rd process which forms the film which is 
made to produce the plasma and uses oxidation silicon as a principal component 
on said non-single crystal semiconductor region. 

[Claim 10] The hydrocarbon which contains the chlorine in the 2nd process in 
claim 9 is chemical formula C2 HCI3, C2 H3 CI, and CH2 CI2. The production 



approach of the semiconductor device characterized by being either of the matter 
which is expressed. 

[Claim 1 1] In the ambient atmosphere used for the 3rd process in claim 9, they 
are hydrogen chloride or chemical formula C2 HCI3, C2 H3 CI, and CH2 CI2. The 
production approach of the semiconductor device characterized by containing 
either of the matter which is expressed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach and the insulating 
coat obtained by making it such which obtains the gate dielectric film used for 
thin film devices, such as an insulated gate field effect transistor, at low 
temperature 650 degrees C or less. 
[0002] 

[Description of the Prior Art] Conventionally, after forming crystal silicon in thin 
film devices, such as an insulated gate field effect transistor (TFT) of a thin film 
mold, by oxidizing this front face thermally at a 900-1 100-degree C elevated 



temperature, the good oxidation silicon of a property was produced and using 
this as gate dielectric film has been made. 

[0003] The description of such thermal oxidation film is collected by that it can 
form in the front face of that an interface-state-density consistency is very low 
and crystal silicon by uniform thickness. That is, the former brought about good 
ON / off property, and the long-term dependability over bias/temperature, and the 
latter raised the yield by lessening the gate electrode in the edge part of an 
island-shape semiconductor region, and the short circuit of a semiconductor 
region (barrier layer). 
[0004] 

[The technical problem which invention will solve and to carry out] However, 
when such thermal oxidation film was used, the ingredient which bears an 
elevated temperature as a substrate ingredient had to be chosen. When a cheap 
glass ingredient (alkali free glass of Corning 7059 grade) was not able to be used, 
therefore it used especially a large area substrate about this point, it was 
disadvantageous at the point that cost increases. Although the technique which 
forms TFT on an alkali-free-glass substrate was in a developmental stage in 
recent years, the thermal oxidation film could not be used in such a technique, 
but gate dielectric film was formed by physical or chemical vapor deposition, 
such as a spatter, and a plasma-CVD method, a reduced pressure CVD method. 
[0005] However, compared with the thermal oxidation film, inferiority of a property 
was not able to deny the oxidation silicon film formed by such means. That is, 
generally, the interface-state-density consistency was large, and risk of invading, 
while alkali ion, such as sodium, forms membranes was always hanging around. 
Moreover, since step coverage (step coverage nature) was not so good, the 
short circuit of the gate electrode in the edge part of an island-shape 
semiconductor region and a barrier layer occurred frequently. For this reason, it 
was very difficult to obtain a property, dependability, and the thing to which all the 
yields are satisfied. 

[0006] This invention tends to solve at least one of such many of the problems, 



and is made. That is, in this invention, the approach of producing the oxidation 
silicon coat and it which offer the approach of producing the good oxidation 
silicon film of step coverage, and have resistance in this invention to alkali ion or 
the impurity which is not desirable as for others is offered. 
[0007] 

[Means for Solving the Problem] The 1st is characterized by using the film which 
uses as a principal component the oxidation silicon obtained by the plasma-CVD 
method which makes ingredient gas the mixed gas which contains the organic 
silane which has an ethoxy radical, oxygen, and the hydrocarbon containing a 
hydrogen chloride or chlorine as gate dielectric film of this invention. The 2nd is 
characterized by using the film which uses as a principal component the 
oxidation silicon obtained by the plasma-CVD method which makes ingredient 
gas the mixed gas which contains the organic silane which has an ethoxy radical, 
oxygen, and fluorine content gas (for example, NF3 and C two F6) as gate 
dielectric film of this invention. 

[0008] Here as an organic silane which has an ethoxy radical Chemical formula 
Si 4 (a tetrapod ethoxy silane and the following) (OC two H5) Si 20(OC two H5) 
6, Si3 02 8 (OC two H5), Si4 03 10 (OC two H5), and the matter expressed by 
Si5 04 12 (OC two H5) called TEOS are desirable. Since such an organic silane 
ingredient has the long time amount which migrates a substrate front face and 
forms the oxidization silicon film by decomposition in a front face, its 
surroundings lump by the crevice is good, and the coat which was excellent in 
step coverage is obtained. 

[0009] Moreover, as a hydrocarbon containing chlorine, the matter expressed 
with chemical formula C2 HCI3 (trichloroethylene), C2 H3 CI3 (trichloroethane), 
and CH2 CI2 (JIKURORU methane) is desirable. It is decomposed mainly in a 
gaseous phase, and the gas containing such chlorine is combined with alkali 
elements, such as sodium which exists in a membrane formation ambient 
atmosphere, separates from a substrate, and promotes balking of the alkali 
element out of the oxidation silicon film. Although some chlorine atoms remain to 



the oxidization silicon film, this functions as a barrier (obstruction) to the alkali 
element which invades from the outside after that. Consequently, it becomes 
possible to make the dependability of TFT improve. 0.01 - 1 % of the whole of the 
concentration of the hydrocarbon containing this chlorine is desirable. Addition of 
1 % or more of concentration has a bad influence on a property. 
[0010] In the insulating coat which uses as a principal component the oxidation 
silicon obtained by the above approach, as an impurity element, a halogen (for 
example, fluorine or chlorine) is detected 1x1017 to 5x1 020cm, and, on the other 
hand, carbon is also three or less [ 5x1 01 9cm - ] concentration in a secondary 
ion mass spectrometry. To make carbonaceous concentration or less 
[ 1x1 01 8cm - ] into three, for making especially an interface-state-density 
consistency low is desired. What is necessary is just to make preferably 200 
degrees C or more of substrate temperature at the time of membrane formation 
into 300 degrees C or more, in order to reduce carbonaceous concentration. 
[001 1] Furthermore, since many dangling bonds tend to deposit in early stages of 
the formation, the insulating coat formed by doing in this way is good to expose 
in advance the semi-conductor (for what uses silicon as principal component to 
be desirable) film of a substrate into the plasma ambient atmosphere containing 
oxygen. Consequently, while an interface-state-density consistency falls, 
fluctuation of the flat band voltage in bias/heat test becomes small, and 
dependability improves. Moreover, in this case, even if it makes the ingredient 
which has chlorine, such as a hydrogen chloride or a trichloroethylene, 
trichloroethane, and JIKURORU methane, in addition to oxygen mix, much more 
effectiveness can be acquired. 

[0012] On the other hand, after forming the insulating coat which uses oxidation 
silicon as a principal component by the above-mentioned technique, fluctuation 
of flat band voltage was able to be made to decrease also by heat-treating at 
200-650 degrees C. In this case, it was desirable to have processed in the 
ambient atmosphere which does not have oxygen, such as an argon or nitrogen. 
By heat treatment of 450 degrees C or more, especially fluctuation of flat band 



voltage decreased notably, and was saturated above 600 degrees C. 
[0013] It is characterized by forming the film which it covers said non-single 
crystal semiconductor region after exposing the 2nd into the plasma ambient 
atmosphere containing the hydrocarbon which includes the island-shape non- 
single crystal semiconductor region which uses the silicon of this invention as a 
principal component for oxygen, and a hydrogen chloride or chlorine, and uses 
oxidation silicon as a principal component by the plasma-CVD method by being 
made from the organic silane and oxygen which have an ethoxy radical. 
[0014] In this case, the hydrocarbon which contains a hydrogen chloride or 
chlorine in a chamber between plasma treatment is accumulated, and the same 
effectiveness as mixing the hydrocarbon which contains a hydrogen chloride and 
chlorine by the 1st invention at the time of membrane formation of the continuing 
oxidation silicon is mainly brought about. Moreover, the improvement in the 
dependability by plasma treatment is the same as having stated previously. 
Furthermore, the good result was obtained when it was made for the 
concentration of the chlorine in the oxidation silicon film obtained and carbon to 
also become the same value as the case of the 1st invention. Moreover, when 
200-650 degrees C of oxidation silicon were preferably heat-treated at 450-600 
degrees C after the coat formation used as a principal component, the still better 
result was obtained. 

[0015] Even if the parallel monotonous mold (namely, thing which has the 
structure which 1 set of plate-like electrodes were made to counter in a chamber, 
and has arranged the sample substrate on the electrode of one side or both 
sides) generally used is used for the plasma-CVD equipment used in this 
invention, or as shown in an example, the thing of a positive column method is 
sufficient as it. 

[0016] There are two points that the latter surpasses the former, greatly. That is, 
it is that latter one can process so much to coincidence since the latter is 
determined by the discharge volume to the amount of the substrate which can be 
processed [ 1st ] at once by the former being determined by the area of an 



electrode. Since the former does not almost have [ 2nd ] an electric potential 
gradient at the latter to a thing with the serious damage of the plasma on the 
front face of a substrate, it is remarkable, and is few and the damage of 
homogeneity of the plasma is good, it is that it is rare to have a bad influence on 
the property of TFT, and the yield. 

[0017] In addition, it is required that the chamber of the plasma-CVD equipment 
used for membrane formation should fully be cleaned, and alkali elements, such 
as sodium, should be reduced. What is necessary is just to make cleaning of a 
chamber generate the plasma, after introducing chlorine, a hydrogen chloride or 
the hydrocarbon containing chlorine as shown in the above, and oxygen in a 
chamber. Moreover, if 150 degrees C or more of inside of a chamber are 
preferably heated at 300 degrees C or more in that case, much more 
effectiveness will be acquired. 
[0018] 

[Example] This example is related mainly with the electric property of the 
approach of forming the oxidation silicon film as gate dielectric film on the non- 
single crystal semiconductor coat of island-shape silicon, and the obtained 
oxidation silicon film by the plasma-CVD method of a positive column method. 
The used plasma-CVD equipment has a vertical section (sectional view shown 
on drawing 1 ) and a horizontal section (plan shown under drawing 1 ) as shown 
in drawing 1 . A positive column method is characterized by arranging a 
substrate to the positive column field in plasma discharge, and forming a coat in 
it. 

[0019] The power which generates the plasma is supplied from the RF power 
sources 102 and 103. The radio wave represented by 13.56MHz as a frequency 
used is common. The power supplied from these two power sources is adjusted 
so that the condition of the plasma may become best with a phase shifter 104 
and matching boxes 105 and 106. The power supplied from RF power source is 
arranged in parallel with the interior of a chamber 101, and reaches 1 set of 
electrodes 107 and 108 protected with the electrode coverings 1 12 and 113, and 



discharge produces it in inter-electrode [ this ]. A substrate is set between an 
electrode 107 and 108. In order to raise mass-production nature, a substrate 1 1 1 
is put in by the container 109 and set to both sides of the sample electrode 
holder 1 10 in a container. It is the description that a substrate is arranged at a 
level with inter-electrode. A substrate is heated by the infrared lamp 114 and 
maintained at suitable temperature. Although not shown in drawing, the 
exhauster and the gas transfer unit are also formed in this equipment. 
[0020] First, membrane formation conditions and the property of the film obtained 
are explained. Substrate temperature was made into 300 degrees C. Moreover, 
into the chamber, 300SCCM(s) were carried out for oxygen and 2SCCM 
installation of 15SCCM(s) and the trichloroethylene (henceforth TCE) was carried 
out for TEOS. RF power is 75W and total pressure is 5Pa. Moreover, annealing 
in 350 degrees C and the hydrogen ambient atmosphere for 35 minutes was 
performed after membrane formation. 

[0021] Drawing 3 is as a result of the dielectric breakdown test of the oxidation 
silicon film with a thickness of 1000A which used this equipment and formed 
membranes on the high resistance silicon wafer. The aluminum electrode of 
Immphi was formed on the oxidation silicon film, and the relation of an electrical- 
potential-difference-current was plotted. Drawing 3 (C) is what formed 
membranes, and its withstand voltage is low without performing processing 
special to a substrate. However, after setting a substrate to a chamber and 
exposing 400SCCM(s) and TCE to a plasma ambient atmosphere for the 
substrate temperature of 300 degrees C, and oxygen for 10 minutes by 0 - 
5SCCM sink, the ambient atmosphere with a total pressure of 5Pa, and RF 
power 150W (a coat is not formed in gaseous phase reaction at this process), 
when the oxidation silicon film was deposited succeedingly, the oxidation silicon 
film in which good pressure-proofing is shown as shown in drawing 3 (A) was 
obtained. However, if the flow rate of TCE at the time of oxidation silicon 
membrane formation is increased to 4 or more SCCMs, for example, 5SCCM, it 
will be the coat in which pressure-proofing is inferior as shown in drawing 3 (B). It 



became clear that there is optimal value in the concentration of TCE from this 
result. 

[0022] Drawing 4 (A) shows the fluctuation (deltaVFB) of flat band voltage (VFB) 
and the relation of substrate pretreatment by bias / temperature impression trial 
as one of the reliability trials. After impressing the electrical potential difference of 
+ 17V to a sample at 150 degrees C for 1 hour, that C-V property was measured 
at the room temperature, further, that C-V property was measured at the room 
temperature, and bias/heat test estimated the difference of VFB in this two 
measurement as deltaVFB, after impressing the electrical potential difference of - 
17V at 150 degrees C for 1 hour. 

[0023] By the sample (in drawing 4 (A), it is displayed as (a)) which did not 
pretreat, deltaVFB showed the comparatively big value before and behind 5V. 
However, it has improved by pretreating. The pretreatment conditions of (b) of 
drawing 4 (A) and (c) are shown below. 
Sample (b) (c) 

Substrate temperature 300 degrees C 300-degree-CTCE / oxygen 0/400 0.5 / 
400RF power 150W The 150W processing time 10 minutes It was confirmed by 
pretreating a substrate from drawing 4 for 10 minutes using TCE that much more 
improvement is found. 

[0024] The same improvement is obtained by performing annealing after 
membrane formation. By the argon atmosphere of one atmospheric pressure, 
annealing is 300-570 degrees C, and was performed for 1 hour. Annealing 
temperature and the relation of deltaVFB are shown in drawing 4 (B). Reduction 
of deltaVFB is observed especially at the temperature of 450 degrees C or less, 
and the inclination which carries out asymptotic to a fixed value is imagined as 
600 degrees C is approached. From this, it was shown clearly that annealing 
after membrane formation contributed to the improvement in dependability. 
[0025] TFT was produced using the result obtained from the above experiment. 
The process is shown in drawing 2 . First, the oxidation silicon film 202 of a 
substrate with a thickness of 2000A was formed on the substrate (Corning 7059) 



201 by TEOS, oxygen, and the positive column method plasma-CVD method that 
uses TCE as a raw material. The used equipment is the same as what was 
shown in drawing 1 . The main conditions are as follows. 
Substrate temperature: 300 degrees C Total pressure: 5Pa gas TEOS:15SCCM 
Oxygen: 300SCCMTCE:2SCCMRF power : 75W[0026] Then, by the plasma- 
CVD method, the amorphous silicon film with a thickness of 500nm was 
deposited, patterning of this was carried out, and the island-shape silicon field 
203 was formed. Furthermore, 400 degree C of hydrogen **** were carried out to 
nitrogen-gas-atmosphere mind by leaving it for 30 minutes. And laser annealing 
was performed and it was made to crystallize, as shown in drawing 2 (A). The 
KrF excimer laser (wavelength of 248nm, 20ns of pulse width) was used for laser. 
Energy density is 200 - 350 mJ/cm2. It carried out. Moreover, at the time of laser 
radiation, substrate temperature was kept at 300-500 degrees C, for example, 
450 degrees C. 

[0027] Then, as shown in drawing 2 (B), this island-shape silicon field 203 was 
covered, and the oxidation silicon film 204 with a thickness of 1000A was formed 
as gate dielectric film by TEOS, oxygen, and the positive column method plasma- 
CVD method that uses TCE as a raw material. The substrate was pretreated in 
advance of membrane formation. The used equipment is the same as what was 
shown in drawing 1 . The main conditions of pretreatment are shown below. 
Substrate temperature : 300 degrees C Total pressure : 5Pa Gas Oxygen: 
400SCCM TCE:0.5SCCM RF power 150W Processing time 10 minutes, then 
membrane formation were performed. The main membrane formation conditions 
are as follows. Moreover, annealing of 1 hour was performed at argon 
atmosphere and 550 degrees C after membrane formation. 
Substrate temperature: 300 degrees C Total pressure: 5Pa gas TEOS: 15SCCM 
Oxygen: 300SCCMTCE : 2SCCMRF power: 75W[0028] Next, 6000A of 
aluminum film which doped silicon 2% was deposited, patterning of this was 
carried out, and the gate electrode 205 was formed. And as shown in drawing 2 
(C), the gate electrode 205 was introduced for it in self align by the plasma 



doping method, having used impurity ion (phosphorus and boron) as the mask, 
and impurity ranges 206 and 207 were formed. The field in which an impurity was 
not formed turns into the channel formation field 208. Since doping was 
performed through gate dielectric film, in the case of phosphorus, in the case of 
80kV and boron, the acceleration voltage of 65kV was required. Moreover, 
1x1015-4x1015cm-2 were suitable for the dose. 

[0029] Then, as shown in drawing 2 (D), the impurity was again activated by the 
laser annealing method. The KrF excimer laser (wavelength of 248nm, 20ns of 
pulse width) was used for laser. Energy density is 200 - 350 mJ/cm2. It carried 
out. Moreover, at the time of laser radiation, substrate temperature may be kept 
at 300-500 degrees C. Annealing for 35 minutes was performed after laser 
radiation termination at the hydrogen ambient atmosphere of the partial pressure 
of 0.1 to 1 atmospheric pressure, and 350 degrees C. 
[0030] Next, the oxidation silicon film 209 with a thickness of 5000A was 
deposited as a layer insulation object. The oxidation silicon film 209 was formed 
by TEOS, oxygen, and the positive column method plasma-CVD method that 
uses TCE as a raw material. The used equipment is the same as what was 
shown in drawing 1 . The main membrane formation conditions are as follows, 
substrate temperature: - 300 degrees C total pressure: -- 5Pa gas TEOS: 
30SCCM oxygen: - 300SCCMRF power: - 100 -- W [0031] And contact holes 
210 and 211 were formed in the layer insulation object, and electrodes 212 and 
213 were formed in the source of TFT, and a drain by aluminum. Titanium and 
titanium nitride may be used instead of aluminum. TFT was able to be completed 
by the above. Since the step coverage of gate dielectric film having been 
improved and the dependability of yield of obtained TFT of gate dielectric film 
improved, the yield has been improved remarkably. 
[0032] 

[Effect of the Invention] It is as having stated above that the oxidation silicon film 
obtained is fully excellent in dependability as gate dielectric film with this 
invention. And it became clear to contribute not only to dependability but to 



improvement in the yield. Moreover, mass-production nature is also improvable 
by using the plasma-CVD equipment of a positive column method as shown 
especially in the example. Thus, this invention is useful invention on industry. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram of the positive column method CVD system 
used for the example is shown. 

[Drawing 2] The making process Fig. of TFT in an example is shown. 
[Drawing 3] The proof-pressure property of the insulating coat obtained in the 
example is shown. 

[Drawing 4] The deltaVFB property of the insulating coat obtained in the example 
is shown. 

[Description of Notations] 

101 ... Chamber 

102 103 ... RF power source 

104 ... Phase Shifter 

105 106 ... Matching box 



107 108 ... Electrode 
109 ... Container 

110... Substrate Electrode Holder 

111 ... Substrate 

112 113 ... Electrode holder 

114 115... Heater (infrared lamp) 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 





[Drawing 4] 
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mm. 1 1 ] mm. 9 &*^t, 11 3 oxniz®^ 
6ns*H»tttittft**t)i/<ttft*scc 2 hc 

Is , Ci Hi CI, CH2 Clz TSSnSfeg©^ 

■f n^a^m: ir> set t -r 3 mfcuamoft 

Mm 
HEW©#»iaKi«] 
[0 0 0 1] 

5 0"Ca"F©fifiT#5^ffi*«fctf-e©«fc5KU 
[0 0 0 2] 

m*<Dm] «Bs©ttfty^h$!*iK&iih 

7>y7? (TFT) |©|gT/HXl;*Wlt 
fi~>'j3>£^JcLfdf. £©«ffl£9 0 0-1 1 0 0 
^©iftfiT^Kft-rSEtiCi^T, *H$©JtffffcKfc 

[0 0 0 3] E©±5ftl*8£ftBf©#mi£, #ffi«i:ffi 
fl&WI©Tffilr> d t teg* L) 3 >©SH5t-«ajP3 

»»T?©y-f h«*£¥*WRtt (SttS) ©g*&£'> 

a < -r s c 1 1 cfc o r^g 0 & si±s 

[0 0 04] 

ft S»»ft N & ffl ^ 5 t «£«tf *4 i L TSfil-lS* 

XVCVD& «JECVDffi*©i»aWft«^ttft;¥W 
SUSl&g&fc^Ty-l' hffiSHS^LTVifco 
[0 0 0 5] i/*u c©J:3a^RlcJ:"3T»j«*n 

-s? (a^««tt) «»*ns£itffTr&v»©Tr. &«© 

¥*#ffi«©X^^^T©^ h««tffitt»i:0fi 
H*»«5ILfc. £©£&, fBStt. ^©D©^T 

[0 0 0 6] *aswtic©«t5/5:»rafi©^a:<tt)i 
t3ft*Hfc^tLT&s*tfc'b©T?*a. -r&fc-s, * 



3 

[0 0 0 7] 

#»IJJ©Jg2», $M MfiftRil/T, Xh^rvS Iff 

&*-T5W«->?>t, nm^HT, (MX 

& NF 3 . Cz Fe ) tS^tTilfrtfXftafWXt 

■f5^7XvcvD^fc±t)T#5nfcitft:a***d6 
ftttzmm* z. £&ft»tr*. 

[0 0 0 8] Xh + 5/SS*-r5#»^5>t 

LTIt ftKS i (OCi H s ) 4 (fh7-Ib + 
-> ■ ->7>, KT, TEOS <h^5) , S i 2 O (OC 

2 H 5 ) e , S is 0 2 (OC 2 H 5 ) s . S i 4 Os 
(OC 2 H 5 ) to, S is 0 4 (OC 2 H 5 ) uTaS 

ansftRjWSLK c©± 5 iwt**? 20 

[0 0 0 9] Sfc, ifc#«£trfcfl;j!K*iUTtt» ft* 
SC2 HCls (HJ^nnx^l^) , C2 H 3 C 1 

3 (HJ£mnx*» , ch 2 CI2 (v^n-;i/^ 

5 ± h 'J 9 A*07;P* U tgH ift'&LT*** 
SlitlT. «ftS*K*#S©7;V#U^S©«IK&fc ^ 
3tf5. -«©**JS^K»ft35SI^\8?rr5tf, C 

ntt*©*ic*Mf # ^iSAfs 7;^ >j 7c* fc*rr*;t 
mm) tLrmmtz, eojss, t f T©ff$s 

ft*3R©»g«£#© 0 . 0 1% 

[0010] «±©#i£fc±^T#5nfc8fcsai«± 

fcMfi*) #1 X 1 0 17 ~ 5 X 1 0 20 cmftEUSn, - 40 
7j, §km%5 X 1 0 19 cm- J KT©Mt£5. Wfcip. 
ffi$ftSflteffi<1-*CKtK*©«US£l x 1 0 18 cm 
- 3 KTtT5^t^M^n5o JSaf©*g£ffiT31t;5 
fctt, «£»?©*«*&&£ 2 0 OtSU, ff*L<»3 

[0 0 11] S&fc, CflDJ:5fcLT»Jj6*n««B* 
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[0 0 12] ±EO^ffit«fc^TRfta*S*fiK 

#£Tsieft*«£#fifci/fcffe. 200-6 sorest 
>j>#Libz>iitiFcgit. -<Dmm, 7;v=f>fet< 

U*»ofc. 777 hA>H«J±©»K, #fC4 5 0t: 

[0 0 13] *38iao»2H:5/'J3>ft*tf»tf*» 
tt©?MMg£|¥3#&tt&!E*£. fift**feL<«i| 

& i(l2##MS¥*#:fi*SgoT, Xh^XSft* 

[0014] z-oyiB&izn^thT, ^7Xv«ijaora 

##»sn, tt<Kfc£*©AKl9ic. BlcBM-p* 
ft^rtr J3ft7.k* & a-t 4 © i Hi;3»* ft 

&±Mt£'rzwimtm}z2 0 o~6 5 or, mv 

<«4 5 0-6 0 0XlT!Mim?&tf<P,\zmtS.f&%: 

[0015] *Bfflfc*v»TttBv>&fts:/9;C7CV 

< «*7j©ms±i:t*»Sftfti3!Sbfc*iigft^t-«. 
s©fe©-efc<t^„ 

[0 0 16] »«39tW#fc«Sj«J4, 2£&3o 

*acj;-3T»£an«&», ^#©^iiib#(c#M[i 

Mai?^.5^t„ ®2 tiff|#tt»*affiT©75XT© 

^aw7•7X7©^-7*tfL<'M<, * 
re i5-yt%mn.K.*b, TFTcm mmzm& 

[0017] a*, tiostffl^sns^xvcvDS 



5 

SL<tt3 0 0 "CK htMLTi < 
[0 0 18] 

©t$>§o fflv^nfe^xvcvDggiaBiii^t 
±5»fitft»fii (H i -ht^Lfcifffiia) 

M (HlTK*bfc±lSH) S^LTH*. 
[0 0 19] ^XvSSteStf-SfcfcttRFfcSl 0 

2*5<±;n:i o 3#&tt»an*. «fflsn*«s«tb 

Tttl3. 5 6MHz!;ftSStl«7yW-» 

-l 04. i^y^^i^^xi o 5, 10 61: 

RFi»5«Sn5i*iJft>A-l 0 lCDAffi 
EfffCltSn, Wfc&A-l 12,11 

nfc i »©«« 107, 108 fcwtu £©«ffiKt 

1110 7, l 0 SUHfcttaHfuWry? 
^>^sn^o *stt*ss**&afc*«i i iB3> 
x^-- i o 9tcAnsn, n>f-;>— ft0-tf->7>*A- 
y-i i o ©prat-fey bans. stEtt*«rafc*¥ 

i4fc«fcoTiras»2tt. asfcfigt&fcns. attt 

[0 0 2 0] *1\ fi)SR*fr4:#5n*«0«fttl;^^ 

A-rtfctt, KS53 0 0 SCCM, TEOS&15S 
CCM, h'J^DDXfl/^ (KT, TCEfct»5) * 
2SCCM*Al,fc. RF/W-IJ7 5W, £jHEtt5P 
atfeS. S&, jS|»fc3 5 0 , C, 3 5#©**3?H 

[0 0 2 1] H3tiKfifa->U3>' J 7x7r-±!c*g 
ff£ffl^Tfi£Rl/&J?3 1 0 0 OA©Kft3#ll0teft 
*«liK0S*-r^So SI^*M±ttJlmm«©7 

H3 (o a*«fci*gija«ias*cabs:vs 

«^ft>A'-|It^Lm S«fiS3 0 0 t C, n 
*&4 0 0 SCCM, TCE£0~5 SCCMtfrtU £ 
E5Pa©Sia, RF/*>7-l 5 0WT1 0^W^5 



#l¥6 - 3 0 2 5 9 1 

3£H3 (A) fc*T£5fcjy?&Wffi£*Tfcrt:J£* 

0***4 SCCMfiU, 09*M!, 5 SCCMtCif^f 
£P*I3 (B) fc*1"J:3fc»ffe!)***E||tftoTL* 

ofeo nonets, TCE©«sfcfisaaflt«»»5 

[0 0 2 2] H4 (A) ti. MfMttK^Ol^tLT, 
;H 7^/fiftfflSntt»tJ:579y bA*>Fitff (V 
».) ©g»l (AV FB ) £S«fM©M#£7HL£fe0 
rH7X/M£|ira£, 1 5 0lCTlSSt + 
1 7 V©*]±& mJISIfllJnl/fcft, S^T^©C-V!|# 
tt£fiJ£U 1 5 CCT- 1 7 V©*£E£llSf 

PSMllLm ^ST^©C-V#tt£$J£U £02 
[iJ©i»re©VPB©S£ AVp, irbTiMSLfco 

[0023] waaasffffcfcfrofcitH (H4 (a) t 

*3l»T, (a) fcfgjS) Ttt, AV P Bti5VirffTj±K 

ioTfmi&S^nL H4 (A) 0 (b) , (c) 
©WMa*#SKTtc^f. 

br (b) (c) 

3 0 0t: 3 0 0t; 

TCE/^S 0/4 0 0 0. 5/4 0 0 
RFA7- 15 0W 15 0W 
£93111 10# 10# 

ft. 

[0 0 2 4] W^SB«fiC7^-;V&i5£^3 
£tiIi^T#?»n§. 7--;WS 1 aE©7JP=f>3* 
BMT3 0 0-5 7 01CT, l^K^il&ofc. 7~- 
JHB«tAV„0WISSH4 (B) fcSVf. »C4 5 0 
"CKT©S«TAV f .©fi«*l«fi!l3n. 6 0 O^ilffi 

r*< i'^nT-s©fitc«jfiT§fi[R]^5^^«.. £ 

[0 0 2 5] &±©£B#&#5nfcl8S£ffiV>T, T 
FTZftmVTce -t©XSftBB2Ca«f. S* 

(3-Z>^7 0 5 9) 2 0 1 _h£JP3 2 0 0 0 A©T 
*fflifta*l2 0 2 &TEOS, K*, TCE^Jgff 

teMT©aD-r&3o 

3 0 0t: 4J±:5Pa 
TEOS : 15SCCM : 3 0 0 S C C 

M 

TCE : 2SCCM 
RF/ty- : 7 5W 

[0 0 2 6] ^5XvCVDffifc«fcoT, W$ 

5 0 0 nm©7 ; E^7 7X->Un>RS;itaL, tns 
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&. «»»Hftlc4 0 0 , C, 3 0»awr*c: 

ifc«fc-3T, **(fllS*:&^&. L-T, 02 

(A) KSTJ^Kk— If-Tn-A-ftfeCftoT, In 
ftfl2*#fc. V~' !f-fcttK r Fl+i/V-W" !f- 

(fcfi2 4 8 nm, /^^fi2 0 n s e c) SJflUfc. 
X* Jl^-ffgB 200~350mJ/cm 2 t Lfc 
*&, k-if-^WB#(r«SMfiS 3 0 0- 5 0 0 * 
: 3 0 ot; 

4 0 0SCCM 

rf/w- isow xmtm io# 

iR^t\ £fcfiEK*#B:E*T©a»5 [0 0 3 1] ^LT, SI 

TfcS. ifc, MI, 7Jl^>SIH5u 5 5 0t:Tl 

S«fiS:3 0 0t: fff:5Pa 
#X TEOS : 15SCCM : 3 0 0 S C 

CM 

TCE : 2 S C CM 
RFA°9- : 7 5W 

[0 0 2 8] '&\Z, ->Un>£2%F-:/L£7Jl/5- 

^ak^6 o o oa#«u cn&;^-=>^LTy 

•f 5ft#fcL&. *UT, 02 (C) KtpT 

^Sfc^raT, f< h«ffi2 0 5SVX^tLTSS^ 
£«te*AU **fi4Ml«2 0 6, 2 0 7 *»J«U&. 

o tdmm- * */wf«WM 2 0 

tlSOT, «®*-&»8 OkVCD, *?*©«£• 
»6 5kV©jBD3WEE«»»7»-3fc. Sfc, H-XS 
SIX 1 0 15 ~4X 1 0 16 cm- 2 ^SST$.-3fco 
[0 0 2 9] 0 2 (D) fc*T.k3fc, mtfU 

-tf-7=-;Uj£fc,fc^T, ^««©«ttfc&*i^&-3 
fc, l/-1f-tttK r FX* i/V-lz-lf- «S2 4 
8 nm, /^;PX*|2 Onsec) SfflUfc. X^Jl/^- 
fSH2 0 0~3 5 0mJ/cm ! tW;. Sfc. I/- 
lM»ltllffctt*RiB&£3 0 0-5 0 OtJfcfihjTfe 
£K I/— tf-JBttfcTII, 0. 1 ~ 1 &EE03ME©* 
*»H». 3 5 0^CT3 5^P B 1©7--;l/£*c:f t £-3 

[0 0 3 0] JBM«6R*tLTj?$ 5 0 0 OA© 

»fcJ£*IR2 0 9»1LL Hfl«Bl2 0 9tiTE 

os, k*. TCESjgfft-rsBjte^s^vXvc 

VDtfefcJ:oT»ri6l/&. fflVi&SBttHl twUfct) 

: 3 0 Ot; 5Pa 
#X TEOS: 30SCCM 8§# : 3 0 0 S C 
CM 

RF/\°<7- : 1 0 0W 



[0 0 2 7] 02 (B) (C*T*5fc> -©ft 

«5/U3>i*2 0 3SfcT. y-f MftHBHtLTj? 
S1 0 0 0A©tfti*l2 04STEOS, ft*. T 

&. ffl^fcS*ti01tC^Lfc ; fe©i:Rli;T?*?,o tM 

£J£ : 5 P a 
TCE : 0. 5 SCCM 



10. 2 11 Sj&jfcU 7^3^A!;J;-3TTFT© 
7-7., HW>C«*2 12,21 3*JgJ$L;fc. 7 

K H±fc±oTTFTft^rt-«Ct38»T?fffc. #S 

^assn&'tt, y-f n6«soflMBtt*tiRi±L 

20 [0 0 3 2] 

VDifill*ffl^*c:tKJ:oT«Sttt>*in?**. z 

mi] m&m\zft\,>e>nitm&ttcvDmw 
30 om&mz*?. 



[02] 

r. 

[03] 

[04] 

WHf©tM 
1 0 1 

10 2, 10 3 
1 04 

10 5, 10 6 
10 7, 10 8 
1 0 9 
1 1 0 
1 1 1 

112, 113 
114, 115 
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